Highton, JM, Lamb, KL, Twist, C, and Nicholas, C. The reliability and validity of short-distance sprint performance assessed on a nonmotorized treadmill. J Strength Cond Res 26(2): 458-465, 2012-This study examined the interday and intraday reliabilities and validities of various sprint performance variables on a nonmotorized treadmill (NMT) over distances of 10, 20, and 30 m. After habituation, 12 male team-sport players performed 3 sprints on the NMT on 2 separate days and an assessment of overground running performance, separated by 24 hours. Measurements included sprint times, mean and peak sprint speeds, and step length and frequency. Data analysis revealed no significant mean differences (p . 0.05) between NMT variables recorded on the same day or between days. Ratio limits of agreement indicated that the best levels of agreement were in 20-m (1.02 3/O 1.09) and 30-m (1.02 3/O 1.07) sprint times, peak (1.00 3/O 1.06) and mean (0.99 3/O 1.07) running speed, and step length (0.99 3/O 1.09) and frequency (1.01 3/O 1.06). The poorest agreement was observed for time to peak running speed (1.10 3/O 1.47). These reliability statements were reinforced by coefficients of variation being ,5% for all the variables except time to peak running speed (11%). Significant differences (p , 0.05) were observed between NMT and overground sprint times across all distances, with times being lower (faster) by approximately 25-30% overground. The correlations between NMT and overground variables were generally modest (0.44-0.67), and optimal for time to cover 30 m on day 2. Our data support NMT ergometry as a reliable tool for most of the sprint performance variables measured and reveal that the fastest 30-m overground sprinters were likely to be identifiable via NMT ergometry.
INTRODUCTION
S print running performance is considered to be a fundamental component of success in a variety of competitive team or Ômultiple-sprintÕ sports (e.g., soccer, rugby, hockey). Time-motion analysis has shown that on average approximately 20-60 sprints, operationally defined as ''maximal effort, a rapid motion'' (5), per player per game will take place (26) . Mean sprint times and distances in such sports are between 2 and 3 seconds and 10-20 m, respectively (26) , with sprints rarely exceeding distances of 40 m (3, 21) . Consequently, the physiological assessment of team-sport players is often confined to their sprinting performances over distances of 5-40 m (7, 19) , whether after training interventions (27) or different periods of recovery (12, 19) .
Nonmotorized treadmill (NMT) ergometry, as originally described by Lakomy (17) , provides a potentially useful tool for the assessment of maximal sprint running performance. Its use allows the benefits associated with testing in controlled laboratory conditions and the calculation of many performance measures (e.g., time to peak running speed, step length, and step frequency), which are potentially of interest to athletes and players and their coaches. By using NMT ergometry, these sprint parameters can be measured continually, providing real-time information for coaching or research purposes.
The importance of ensuring that the measurements made as part of research or athlete support are both reliable and valid is widely recognized (1) . Such an approach allows us to detect ÔrealÕ changes in performance with confidence and ensures that a test or instrument is measuring what it purports to. In recent years, several studies (adopting appropriate statistical tests) have documented the reliability of certain performance (13, 14, 18, 25, 28) and physiological (25) variables obtained via NMT ergometry. Such variables include maximal force, maximal power, maximal running speed, heart rate, and oxygen consumption, the reliability of which has generally been interpreted as favorable. However, there are several potentially beneficial performance measurements that can be obtained via NMT ergometry whose reliability is yet to be assessed, including mean speed, split times over multiple distances, and step rate and length. In addition, the statistical agreement between the measures obtained on the NMT over a variety of distances and those obtained overground remains to be elucidated, with only the early work of Lakomy (17) , and more recently Hopker et al. (13) , offering direct comparisons between performances in each. As such, the potential utility of the NMT for the assessment of sprint performance in teamsport athletes is yet to be fully explored. Accordingly, the purpose of this study was to report on both the interday and intraday reliabilities and concurrent validity of a variety of sprint performance measures obtained on a commercially available NMT over distances commonly associated with team-sport competition.
METHODS

Experimental Approach to the Problem
This study used a repeated measures design in which the participants, after a period of familiarization, were required to complete 2 laboratory trials on separate days involving the assessment of NMT sprint performance (to assess the interday reliability of measured variables) and 1 trial on an outdoor all-weather surface for the assessment of overground sprinting performance (Figure 1 ). The order of sprint assessment was randomized for each participant, with each of the 3 trials separated by 24 hours. On each testing occasion, the participants performed 3 maximal sprints, which in the case of the NMT were used to assess the intraday reliability of values obtained. The participants were instructed to refrain from any strenuous physical activity and maintain their normal diet (avoiding any nutritional supplements) during the period of testing to avoid any possible interference that this might have on their sprinting abilities.
Subjects
Twelve healthy male university level team-sport (soccer, rugby union, and rugby league) players (mean age: 22.3 6 3.6 years; body mass: 80.3 6 8.4 kg; stature: 1.8 6 0.1 m) volunteered to participate in the study. Before data collection, all the participants provided written informed consent and completed a pretest health questionnaire to reveal if there were any contraindications to exercise. The study was also performed in accordance with the ethical standards set forth by Harriss and Atkinson (11) , with ethical approval granted by the Ethics Committee of the Department of Sport and Exercise Sciences, University of Chester.
Procedures
Nonmotorized Treadmill Familiarization. The NMT (Woodway, Force 3.0, Waukesha, WI, USA) used in this study was a modernized version of the system originally presented by Lakomy (16, 17) and is similar to the systems that have been described in detail in previous studies (e.g., [13, 14, 25, 28] ). Approximately 48-72 hours before data collection, the participants were familiarized with the NMT over 3 sessions within a 24-hour period. These sessions provided detailed verbal instructions on the technique required to run on the NMT (which were then reinforced before each sprint performance session) and allowed the participants to walk and then jog at a low intensity before completing 3 sprints for 30 m at gradually increasing speeds (i.e., from ;60-100% of their perceived maximum speeds). The familiarization session was terminated when the participants indicated that they were comfortable to sprint maximally and were achieving a consistent running speed (within 1 mÁs
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) at each maximal sprint.
Assessment of Nonmotorized Treadmill Sprint Performance. The NMT sprint performance variables were measured after a warm-up on the NMT consisting of 3 minutes continuous jogging interspersed with 1 maximal sprint for 6 seconds (28). This also served to Ôwarm upÕ the treadmill rollers and thus minimize the resistance of the treadmill belt (17) . During the sprints that followed, the participants were connected to a mounted strain gauge via a nonelastic tether and harness that was attached around their waists. The height of the strain gauge was adjusted so that the tether was at an angle of 8°(measured via a goniometer) above the horizontal for each participant (while standing) so as to maintain the horizontal position of the tether during the forward lean adopted when sprinting on the NMT (17) . The participants were instructed to sprint maximally from a standing start on the researcher's instruction and to maintain the effort until they had reached a distance of 30 m. Split times were also recorded at 10 and 20 m, with speed sampled at a rate of 100 Hz. For measurements of peak running speed, data were also averaged over 1 second to provide peak measurements and are referred to as Ôpeak averagedÕ hereafter. This procedure was repeated twice more interspersed with 2 minutes of passive recovery.
Assessment of Overground Sprint Running Performance. To assess the concurrent validity of sprint performance variables obtained on the NMT, the participants performed 3 maximal 30-m sprints from a standing start on an outdoor all-weather surface, interspersed with a 2-minute passive recovery. Sprints were conducted in dry conditions, with the direction of the sprints being perpendicular to any prevailing wind direction (8, 22) . Sprint times were recorded using 6 electronic photo cells (Speedtrap II, Brower Timing Systems, UT, USA) positioned at 10, 20, and 30 m from the start line. The initial gate at the start of the sprint was replaced by a switch activated by the participant's foot leaving the ground, which served to reduce the degree of momentum developed before the start of the sprint and prevent extraneous movement influencing the recorded sprint times (6) . Sprint times to each of these distances were recorded to the nearest 0.01 second via telemetry to a hand-held system, with the lowest value (i.e., best performance) from the 3 sprints used for data analysis.
Statistical Analyses
The measures obtained from the NMT included 10-, 20-, and 30-m sprint times (seconds), mean and peak (averaged and instantaneous) running speeds (meters per second), time to peak running speed (seconds), step length (meters per step), and step frequency (steps per second). Optimum values (best performances) from the 3 sprints were used in the analysis of concurrent validity against overground sprint performance and interday reliability. Data from trials 2-3 on the same day (because these were typically where the fastest sprints occurred) were used to assess the intraday reliability of the sprint variables. After an examination of the distributions of the variables via the Shapiro-Wilk test of normality, descriptive statistics (mean 6 SD) were generated. The reliability was assessed via the coefficient of variation and the 95% limits of agreement (LoA; bias 6 1.96 3 SD diff ) as originally described by Bland and Altman (4). The ratio LoA (see Atkinson and Nevill [1] for a review) were also calculated owing to the presence of heteroscedastic errors among certain residuals (1), which were reduced (and in some cases removed) by applying logarithmic (natural) transformations. The validity of the NMT measures against overground sprinting was examined via correlation analysis (Spearman's rho; r s as the variables were not always normally distributed) and the 95% and ratio LoA statistics. Alpha was set at 0.05, and all statistical analyses were conducted using SPSS for Windows (Version 14.0, 2006).
RESULTS
The interday reliability statistics of 11 variables measured on the NMT are presented in Table 1 . Although there were no significant biases (p . 0.05) between the measurements taken on separate days for any of these, the best levels of agreement (within 7%) between days were observed for the measure- As with measurements taken between days, it was time to peak speed, which demonstrated the poorest agreement between trials (up to 33% difference). In terms of concurrent validity, all of the performance measures on the NMT were found to be significantly inferior (p , 0.05) to those obtained from overground sprinting on both days (Tables 4 and 5 ). For example, the 30-m split times were, on average, 1.88 (day 1) and 1.77 seconds (day 2) faster overground than on the NMT, and the mean speeds were 2.09 (day 1) and 2.02 mÁs 
DISCUSSION
This study has demonstrated that particular measures of sprint performance can be generated reliably on the NMT. Specifically, for measurements obtained on the same day, times to 20 and 30 m, peak averaged and mean speed, and step length and frequency demonstrated the best levels of agreement. Similarly, for interday measurements, agreement was the best for times to 30 m, peak instantaneous, peak averaged and mean speeds and step frequency. Although these findings are consistent with those of previous studies that have generally reported that NMT measurements of running speed and distance covered in a set time interval are reliable (13, 14, 18, 25, 28) , they are unique in that no previous studies have identified step length and frequency measures to be among the most reliable. The implication of this discovery is not trivial considering that the goal of many sprint training programs is to improve either one or both of these kinematic parameters (23, 24, 27, 29) .
Step length and frequency are typically measured via video analysis, which is often time consuming and will generally preclude the provision of realtime feedback. Based on our findings, it appears that NMT may offer a reliable and time-effective method of assessing sprint kinematics over 30 m. The acceptability of the measurement error (reliability) observed for the majority of our measures of sprint performance is endorsed when one considers it in the context of whether a future study involving a ÔpracticalÕ sample size could detect a genuine change in sprint performance (because of an intervention, for instance). The employment of such an Ôanalytical goalÕ (1) has seldom been done in studies of this kind, though it adds quality to the interpretation of the reliability data. Previous research has demonstrated that changes in sprint performance, either after training programs or during periods of fatigue or recovery, are usually small, typically falling between 2 and 7% (10, 12, 15, 20, 23, 24, 29) . Therefore, given the calculated ratio LoA for our measures, the nomogram of Atkinson et al. (2) reveals that a sample size of approximately 10-30 participants would be required to detect a 5% change in each of these measures. Accordingly, we can posit that the measurement error associated with these is acceptable given that the practical sample size used in this study would be sufficient to detect such a change.
To our knowledge, this study is one of the first of its type to present information on sprint performance over several different distances. Importantly, our data indicate that the reliability of sprint times recorded on the NMT improves as the distance increases, with 10-m sprint times, although still considered reliable based upon the sample size required to detect a meaningful change in this variable (;25 participants), demonstrating the poorest levels of agreement (both between trials on the same day and between days), in comparison to times for 20-and 30-m and the 10-to 20-m and 20-to 30-m split times. A possible explanation for this finding is the relatively high degree of force required to overcome the inertia of the treadmill belt at the start of the sprint compared with running overground. This, combined with the high retarding forces that act on the participant throughout NMT running (17) , provides the scope for higher degrees of performance variability in general and particularly at the outset. Moreover, the participant is likely to be more vulnerable to such effects when not habituated to NMT running, fatigued, or lacking in motivation.
Of all the variables reported in this study, it was only time to peak running speed which demonstrated unacceptable levels of intraday and interday levels of agreement. For this variable, a sample size of up to 100 participants would be required to detect a genuine 5% change in performance, whereas the intraday and interday variations were as high as 47%, a value way beyond any expected change in sprint performance associated with either training or fatigue. In addition, the coefficient of variation was .10% (a common, if arbitrary, cut-off point for the assessment of reliability).
Despite the potential utility of time to peak running speed as a marker of an individual's acceleration, no study to date has examined its reliability. However, the fact that our data demonstrated poor levels of both intraday and interday reliabilities would seem to be of little value to coaches and researchers and likely reflects issues with NMT reliability during the early stages of a sprint. In an attempt to counteract this, and to provide a meaningful measure of acceleration, measurements of running speed at fixed time points which corresponded to average sprint durations during team-sport activity (i.e., 1, 2, and 3 seconds) were analyzed for reliability ( Table 6 ). Measurements of running speed at both 2 and 3 seconds demonstrated high levels of intraday (1.02 3/O 1.12 and 1.00 3/O 1.04, respectively) and interday (1.01 3/O 1.06 and 1.01 3/O 1.05, respectively) agreement. However, as with time to 10 m, the values obtained earlier on in the sprint (1 second) demonstrated poor levels of intraday and interday reliabilities (1.09 3/O 1.49 and 1.05 3/O 1.22, respectively). As such, we suggest that the measurements of running speed at 2 and 3 seconds, and not time to peak running speed, may provide more valuable feedback on acceleration during maximal sprint running on the NMT.
With respect to the concurrent validity of the NMT measures against overground running, our observation of the presence of systematic bias for times to 10, 20, and 30 m and mean running speed concur with the findings of the original study of Lakomy (17) . That is, our participants were significantly slower on the NMT (25-30% cf., 20%) than when sprinting overground. Similarly, in the only other study making a direct comparison between NMT and overground sprint performance, Hopker et al. (13) reported that 20-m sprint time was significantly higher by approximately 2.59 seconds on the NMT compared with that in running overground. As we allude to the above, this attenuation of performance is probably a consequence of the participants having to overcome the high intrinsic resistance of the NMT belt. In addition, the participant does not reach the inertia characteristic of overground sprint running when the maximal speed is reached on the NMT but instead must constantly accelerate the treadmill belt between steps.
The association between the performance on the NMTand overground running was also generally moderate in this study, with only the correlations for time to 20 and 30 m and mean speed being significant and in excess of 0.58 (r s = 0.66, 0.8, and 0.6, respectively). Nonetheless, the trend for individuals who were faster on the NMT over distances of 20 and 30 m to be faster overground could provide a useful measure of relative sprint performance. That is, based on our findings, it is likely that the individuals who are faster overground will, in most cases, be faster on the NMT, particularly over distances .20 m. Thus, it may be possible to identify faster athletes using NMT ergometry. However, this may not always be the case, with factors such as body mass likely to influence NMT sprint performance irrespective of overground sprint ability. Indeed, Lakomy (17) originally reported that the individuals with larger body masses were at an advantage on the NMT because of the force required to overcome the resistance of the NMT belt being relatively higher (per kilogram body mass) for lighter individuals.
PRACTICAL APPLICATIONS
Our data offer support for NMT ergometry as a reliable tool for measuring particular sprint performance variables, namely, time to 20 and 30 m, peak and mean running speeds, and step length and frequency. This information can be used by sport and exercise practitioners not only to identify which measurements of sprint performance are reliable enough to be considered worthwhile but also to detect what might be considered ÔrealÕ changes in performance. For example, for somebody who attained a 30-m sprint time of 6 seconds, when tested on another day, they could attain anywhere between 5.69 and 6.53 seconds according to the 95% LoA (as a worst-case scenario). Thus, in theory, changes in sprint performance would have to be outside of these limits to be considered to be solely because of factors other than reliability. A further finding of this study is that the NMT is likely to be able to detect changes of 5% in many of the sprint performance variables measured with a sample size of approximately 10. Such information is useful for the design of future studies concerned with the NMT.
In relation to overground sprinting, it would appear that, in absolute terms, individuals were consistently slower on the NMT by approximately 25-30%. In relative terms, however, superior performances overground over 30 m were reflected in superior NMT performances, and as such, faster sprinters overground are likely to be identifiable via NMT ergometry over this distance. We conclude that the NMT is a useful tool for researchers and sports science practitioners wishing to examine changes in sprint performance, in particular over longer distances associated with team-sport activity. However, exercise practitioners should be cognizant that sprint times on the NMT might not always be representative of speed overground during competition and, therefore, should not disregard overground running as being an appropriate method of assessing sprint ability, particularly because it does not require familiarization (9) . Nonetheless, there is the potential for a future, larger-scale study to examine whether overground sprint performance can be predicted with an acceptable degree of accuracy from the NMT measurements. More broadly, there is scope to embark on a more comprehensive evaluation of the efficacy of NMT sprint performance in relation to overground running by using force platform and video analysis systems.
